@7,

N
/Technical ,R/epttt;5781

HUSC Technica! Report 5731

ADAO70267

A
]
o

Hatiteras Abyssal Plain

- Low Frequency
/ Bottom Loss Measurements .

) {// ) ) —— -
/ 1 Peter D.)Herstein, |
o Robert K./Dullea |
/ Salvatore R./Santaniello

e

ot
s
PO

T (1Y) Srssa04

- NUSC

NAVAL UNDERWATER SYSTEMS CENTER
Newport.Rhode Island ® New London,Connecticut

BOC FiE co

Approved for public release; distribution unfimited.



&
£
b .
&
& PREFACE
%
i This document was propared under NUSC Project No. A-650-06,
4 Navy Subprojoct No. SF 52 452 602-19345, "Low Prequency Forward

Scattering Studies," Principal lnvestigator, S, R. Santaniello

(Code 3104).  The sponsoring activity is the Naval Sea Systems

Command (SEA 06H1-4), A. P, Franceschetti, Program Manager,

The technical reviewer for this report was Gustave Leibiger
(Code 327).
REVIEWED AND APPROVED: 14 April 1979
D ‘
e ,//
N "l,f K

/ } /
L & .
PANE 9“‘*:3{ IR -

P ]
R. W. Hasse

Head: Special Projects Depertment

;
h

.
~ m—.
R e 5L

The authors of this report are located at the New London
Laboratory, Naval Underwater Systems Center,
New lLondon, Connecticut 06320, ;

o A e

TR R

)

XY L




REPORT DOCUMENTATION PAGE oy EAD INSTRUCTIONS

T . v
[T REPORY NONBER 2. OOVY ACCESsION NOJ §. RECIPIENT'S CATALOG NUMBER |
TR 5781 ’
4. TITLE (and Sublitle) §. YYPE OF REPOART & PERIOD COVERKD

HATTERAS ABYSSAL PLAIN LOW FREQUENCY BOTTOM
LOSS MEASUREMENTS

6. PERFORMING ORG. REPOAYT NUMBER

-
| AR ACLLID) T CONTRACY SN SRANY NUNBEN(S)
§ Peter D. Herstein §
| Robert K. Dullea :
Salvatore R, Santaniello b
. PERFORMING ORGANITATION NAME AND ADONESH —RRgaRan L EWINT PROJTCT TASK i
Naval Underwater Systems Center 7 'T
Now London Laborvatory Ab5006 ;
New Londun. CT 06320 f
11, CONTROLLING OF FICE (:AMZ AND ADDAESS 12, REPORY DATE il
Naval Sea Systems Command (SEA 06H2) _“__Eiﬁﬂﬂllgzgt ¥
Washingten, DC 20362 : ";‘;‘?“ oF PAoks
YT RONTTONING ASUREY NAME & ADDRESKI! diiferant frem Centreiling Offiss) | \B. SECURITY CLARS. (of this report)
UNCLASSIFIED

| ) g!a&&“l'lat?iaﬁﬂ DOWNGRADING
RIoULE

(T BTYNIBUYION STATEMENY (of Mie Roperi)

Approved vor public rvelease; distribution unlimited,

17. DISTRIBUTION STATEMENT (af (Ne sbetrast antered in Bloch 30, |1 dillorani lrom Repent)

T6."SUPPL ENENTARY NOTES

5. KEV WORDS (Coniinwe o1 reverss oide Il neasssery end Idoatily by Olosk number)
Bottom Loss Measurements

Deconvolution Processing

Ocean Bottom Modeling

Ocean Sediment Impulse Response

Ocean Sediment Sound Retraction

0. R§TIACT (Continue an roverse olde il nesoscary and ideniily by Slock sumber)

Bottom-loss measurements were made for frequencies less than 800 Hz at threy
stautions in the Hatteras Abyssal Plain, The stations were cach separated approx-
imately 55 km along 70°30'W longitude. The data acquisition procedure was to
launch two self-recording submersibles (AUTOBUOYS) and then maneuver from and to
the launch site detonating explosives as the AUTOBUOYS recorded data, Because of]
the oxperimental geometry, the direct and bottom-interacting signals were time-

separated as they arrived at the AUTOBUOYS. Thus, a "self-calibrating" (nvm'). Ahe

Ea

IR LD T IENSRS L i

A

FORM
DD \awm W73




20, (Cont'd)

<1 processing procedure could be used to compute bottom loss values.

Bottom loss versus grazing angles (5-66 deg) was obtained over a wide
bandwidth (90-790 Hz) and for a number of narrow bandwidths (1/3 octave and
less). Broadband results were found to be homologous between stations,
whereas the narrowband results were less correlated. Negative bottom loss
values were also observed.

3 Replica deconvolution processing was performed using the associated

1 time-separated direct and bottom interacted signals over a large range of
grazing dangles. A history of the bottom/subbottom impulse response as a
function of grazing angle was then constructed from the deconvolved signals.
This history showed evidence of strong subbottom reflected and sediment
refracted arrivals in the bottom interacting signals. Since these types of
arrivals were present, the calculation of negative bottom loss can be
attributed to use of the Rayleigh plane wave reflection model, which does
not account tor non-plane wave refracted or reflected signals.

_ - Analyses of the impulse responses for the southern station also aided
in developing a geophysical description of the sediment structure. The
derived structure consists of a thin (21 m),’ constant sound-speed layer
overlaying a thick layer having a linear depth-dependent sound speed. This
structure is representative of a class of documented subbottom sediment 1
structures that can support the propagation of low-frequency acoustic 1
signals traversing non-plane wave reflected and refracted acoustic paths., .
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HATTERAS ABYSSAL PLAIN LOW-FREQUENCY
BOTTOM LOSS MEASUREMENTS

INTRODUCTION

In May and June 1973, low-frequency bottom-loss measurements were con-
ducted at thrre locations in the Hatteras Abyssal Plain of the Atlantic
Ocean by the Acoustic and Environmental Research Division of the Naval
Underwater Systems Center (NUSC) and the Lamont-Doherty Geological Observa-
tory (LDGO). This project was designated MAINLOBE (MAjor INvestigation for
Low-Frequency Ocean Bottom-Loss Experiment) 73. The text that follows is
divided into the topical areas of (1) basic objectives, (2) basic approach,
(3) data aquisition procedures, (4) summary of operations, (5) data process-
ing procedures, (6) analysis and interpretation of the bottom-loss measure-
ments, (7) preliminary modeling, and (8) summary of results.

BASIC OBJECTIVES

The primary objectives of the experiments described in this report are
the (1) measurement of ocean hottom loss over a wide frequency range
(20-1000 Hz) as a function of grazing angle (5-90 deg) and (2) estimation of
sediment acoustic parameters (such as density, sound speed, and attenuation)
for sediment interaction modeling and prediction of propagation loss.

BASIC APPROACH

Three measurement locations, shown within the circled areas in figure 1¥
as stations BL-l, -2, and -3, were employed in MAINLOBE to account for
possible acoustic variations from changes in bottom topography and structure
(both subbottom and bottom interface). Data were collected successfully at
each of the three measurement locations. Explosive signals, underwater
sound (SUS) charges were used in conjunction with two self-contained, com-
pletely automated receiving systems (AUTOBUOYS) to generate and receive the
low-frequency wide-band underwater signals.l

To enable estimation of sediment acoustic parameters, seismic reflcc-
tivity measurements and subbottom profiling were planned along the tracks
shown as dashed lines in figure 1. These operations, conducted jointly by
personnel from NUSC and LDGO, involved the transmission of acoustic signals
generated by air guns and the reception and recording of these signals by
means of a towed horizontal receiving array system.2 Boomerang cores were
also planned at locations near the bottom-loss measurements. The positions
of the two successful boomerang cores are shown in figuve 1.

*Figures 1 through 15 are presented at the end of the text.
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Environmental and oceanographic data in support of the above measure-

ments included:

1. sound speed profiles (SSP) (stations BL-1,-2,-3) and
2. expendable bathythermographs (XAT)

DATA ACQUISITION PROCEDURES

BOTTOM-LOSS MEASUREMENTS WITH AUTOBUOYS

The ocean bottom-loss experiments conducted during project MAINLOBE
involved the deployment of two AUTOBUOYS, SUS explosive charges, and
AN/SSQ-57A or AN/SSQ-4] sonobuoys. An example cf the measurement geometry
. is shown in figure 2 for a typical AUTOBUOY receiver. A primary objective
; in NUSC's approach to measurement of low-frequency acoustic bottom loss
using SUS charges is to obtain time-isolated direct and bottom interaction
path arrivals over a wide range of grazing angle. The optimum depths of
signal source and receiver for arrival separation were determined from
ray-tracing analysis using the Navy Interim Surface Ship Model II (NISSM I1)
computer model.” To study the possible effects of source/receiver
geometry on bottom loss measurements, two AUTOBUOYS were deployed at each
measurement station. The general measurement procedure consisted of (1)
deploying the first AUTOBUOY on station, (2) traversing 2.3 km north, (3)
deploying the second AUTOBUOY on station, (4) traversing 32 km north, (5)
turning 180 deg, and (6) deploying SUS charges while returning on a due
south track to the second AUTOBUOY. The SUS charges were type EX-94(0),
containing 816 g tetryl and 31 g primer, set to detonate at 914 m.

Data concerning AUTOBUOY hovering depths, functioning, and minimum/ 4
maximum range separation are listed in table 1 for all three measurement

stations., The sonobuoys were used to monitor the source level and detona- b
: tion depth of the explosives and the near range (high grazing angle) bottom !
. path arrivals during the measurement period. 4
X t
5‘ Table 1. Locations and Descriptions of Bottom Loss Measurements g
o i
§ h
i Progremsed (m) AUTOBUN (m) Niniwus Range (Wm) Naninum RLange (hm) b
{. Heas.iement AUNIRIOY Dopthae Successful Nission AUTUBUY 1, AUTUBLY ! AUTOBIRN 1, ATOBLDY 0 l,q
g Statia Latitude Langttude Mo, 1 Ne, 2 Wo. 1 Mo, 2 f.
R 8800, 0N MRS TN 982 W83 Yep Yeos .2 e M. 0.9 :
LIS WL0N HUATNN | ALT (RN} No Yeos - Y 0.4
Aoy 19000, 0'N SN0, 0N 1962 118y L Xos - .

3.3

aFat slaal teceiver depths see Appendin A,

B r-raia

't
Either immediately prior to or following the acoustic measurements, ) '
deep 35P cast was made for each station to a depth of at least 4500 m,

These sound speed versus depth profiles are presented in appendix A.
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SEISMIC MEASUREMENTS

The procedure for obtaining wide angle seismic data was to first deploy
an air gun and then pay out a buoyant seismic receiving line array (122 m
long) from the stern of the research ship as it proceeded at 4 knots. After
deployment, the speed of the ship was increased to 6 knots and a sonobuoy
was deployed. The acoustic signals generated by the air gun were received
by the line array and the souobuoy and recorded on LDGO's seismic profiling
system, The profiling system provides (in situ) some general results con-
cerning the characteriatics of the ocean sediment and layer structure. The
same data were also recorded on analog tape for further laboratory analy-
sis. Additional information concerning the LDGO seismic data processing
procedures can be found in "Physics of Sound in Marine Sediments."“ An

analysis of measurement results is reported in an unpublished work by Houtz
and Bryan.5

A buoy having a deep (1128 m) hydrophone was also deployed while making
the seismic measurements. This acoustic radio buoy (ARAB) is a NUSC innova-
tion consisting of sonobuoy transmitters installed in a spar buoy housing.
The ARAB system was used primarily to obtain a measure of the effective
low-frequency beam pattern (including the Lloyd mirror effect) of the air
gun. Poor signal-to-noise ratio (SNR) of the bottom-interacted signals

precluded analysis of the ARAB data to obtain high grazing angle bottom loss
results,

SEDIMENT CORE MEASUREMENTS

Core measurements werc made using a Benthos boomerang core.b This
device is an untethered free~fall corer having a 1.22 m long barrel and an
outside diameter of 7.94 cm. The plastic core liner tube, which holds the
core sample, is 1.22 m long, has an outside diameter of 7.3 cm, and an
inside diameter of 6.50 cm. After the core penetrates the sediment. a
trigger releases the barrel from the housing and buoyant glass spheres lift
it to the surface with the captured sediment,

SUMMARY OF OPERATIONS

Only a summary of prcjs=ct MAINLOBE operations is presented herein
because daily operations have been reported in detail.’ Successful
bottom-loss measurements were made at all three stations: however, no
usable data were obtained from AUTOBUOY No. 1 at stations BL-2 and BL-3
because it malfunctioned.

Seismic measurements were successfully completed along the tracks shown
in figure 1, The ARAB was successfully deployed in each of the three areas
of seismic profiling; however, low-frequency noise caused by electrical
feedback in the ship power line during operation of the air gun compressor
degraded the data. Seismic data were not affected by this problem.
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Only two of six boomerang cores were successfully retrieved. The first
was retrieved at 29° 06.8'N, 70° 30.0'W, near station BL-3. The other
was retrieved at 28° 36.5'N, 70° 24.5'W, near station BL-2. A summary
analysis of the data is presented in tables 2 and 3.

B .TTOM-LOSS DATA PROCESSING PROCEDURES

The basic approach to the measurement and processing techniques employed
at NUSC for the determination of ocean bottom loss has been previously docu-
mented. 819,10 4 sumnary of these procedures and the special processing
techniques required is described below.

DIGITIZATION

As shown in figure 3, data from two of the three available staggered-
gain AUTOBUOY analog tape channels were passed through a 750-Hz low-pass
filter, digitally sampled, and stored on magnetic tape using a UNIVAC 1230
computer system. To compensate for record and/or reproduce tape-speed
variations, external sampling commands were generated from a 1000-Hz time
code carrier (also recorded on the AUTOBUOY analog data tape) via a phase-
locked frequency multiplier. A sampling rate of 3000 Hz, which exceeds the
Nyquist sampling criterion rate by a factor of 2, was used to facilitate
deconvolution processing of the data.

PREPROCESSING DIGITAL FILTERING

Following digitization, contaminating interference caused by alternating
current components during playback of the AUTOBUOY analog tape was removed
by digital filtering. A digital filter was designed to pass all frequencies
except the narrowband alternating current line components. In figure 4, a
typical sequence of arrivals prior to and following the line component
filtering i3 shown,

PROCESSING FOR SEPARATED ARRIVALS

Bottom Loss Calculation

The determination of bottom loss for any given explosive detonation was
accomplished by using

BL = (RD - RB) + (ND-NB)’ (1
where
By, = bottom loss (dB),

Rp = received energy in direct arrival (dB),

T 0T VAL 4 D 0 A LRy ikt e b et el 10 A2 s DRI SRR P I L

el i XY Sl

Soand

Rk 2

oy A%

s

e e
e T A IR

T im b e

e e g —— -




TR 5781
Table 2. Summary Ainalysis of Sediments Recovered
by Boomeruny Ccre Near Station BL-3

Depth Sound Speed¥* Bulk Density Impedance

(cm) (m/8) (g/cm3) (103.g/cm2/8)
Interface 1608 1.11 1.785
15.2 1600 1.11 1.776
30.5 1637 1.11 1.817
45.7 1603 1.15 1.843
57.2 1637 1.15 1.883
Average 1617 1.13 1.827

*Corrected to seafloor in situ conditions,
Table 3. Summary Analysis of Sediments Recovered
by Boomerang Core Near Station BL-2
Depth Sound Speed¥* Bulk Density Impedance
(cm) (m/s) (g/cm3) (103 g/cm2/s)
;
Interface 1609 1.33 2.140
3.8 1584 1.33 2.107
12.7 1616 1.33 2,149
29.4 1616 1.33 2.149
41.2 1621 1.20 1.945
Average 1609 1.30 2.092
*Corrected to seafloor in situ conditions.
5
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Rg = received energy ir boltom-interacting arrival (dB),
Np = propagation lcss over direct path (dB), and

Ng = prepagaticn loss over bottow-reflected path (dB).
As is evident from the above expression, the procedure for calculating
bottow loss is comparstive and self-calibrating in that only the relative
energy difference between the direct and bottom interacting arrivals need be
experimentally determined. The corresponding propagation loss within the
water column for the two arrivals is determined using a NISSM II computer
ray-tracing program.> The input parameters for WISSM II were (1) in-situ
measured water SSP, (2) water depth, and (3) the depths of the signal source
and of the receiver. In computing the propagation loss for the bottom-
reflected path, the computer program assumes a flat, single-layer, zero-loss
(totally reflecting) ocean bottom. NISSM II also provided an ::zcurate

estimate of the grazing angle for each bottom~reflected arrival, as
discussed below.

An analog reconstruction of the digitally sampled data (after prepro-
cessing filtering) is shown in the lower trace of figure 4, where the four
arrivals resulting from the detonation of a single explosive are clearly
separated in time, The direct, bottom, and surface-reflected arrivals are
isclated* via a UNLVAC 1108 computer program by using an energy threshold
crite-ion.9s10 The program then computes the time separation and pulse
duration of the various arrivals. Furthermore, each arrival is partitioned
and increased in duration by appending zeros to it. The time extension of
the digital data is required to satisfy the response time of the recursive
digital filters centered at the lower frequencies, Following partitioning,
the energy in each arrivzl is computed by squaring and summing its digital
time series after filtering for the frequency band of interest.

Bandwidtis and Center Frequencies

The center frequencies of the recursive filters were chosen to match the
peaks of the measured direct path energy spectrum. A measured energy spec-—
trum, which was averaged from 20 SUS charges detonated within 909 126 m,
is shown in the upper half of figure 5 with thr center frequencies and band-
widths of the recuisive bandpass filters. The geometric center frequency,
bandwidth, and upper and lower effective frequency limits for each recursive

filter are listed in table 4. The digital recursive filters were five-pole
Butterworth filters.ll

The AUTOBUOYS used in this experiment were outfitted with processing
frequency pre-emphasis. In the experiment conducted prior to MAINLOBE, the
AUTOBUOYS had been used for ambient noise measurements in which amplifier
gain variation with a frequency range in the 20 to 1000 Hz regime is use-
ful. Time did not permit the .emoval of the frequency pre-emphasis

*The upper water refracted arrival (resulting from a path totally refracted

~ear the ocean surface) wis also isolated for identification, but was not
processed.
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circuit prior to the MAINLOBE measurements. The eftect of the pre-emphasis
amplifier has been removed for the spectrum shown in the lower half of
figure 5. The combined effects of the preemphasis amplifier aud the
alternating curvent line interference filtering resulted in an effective
broadband of 90 to 790 He. Note that although an anti-aliasing analog
filter with a 750 Hz cutoff frequency vas used, the pre-emphasis amplifier
effectively increased the cutoff frequency to 790 Hz.

Table 4. Filter Parameters Used in Narrowband
Bottom Loss Analysis

Center Bandwidth Frequency Bounds of
Frequency (Ha) (oct) 3-dB Passband (Hz)
100 /7 85,1 105.1
177 1/3 157.7 198.7
252 1/3 2245 282.9
325 1/3 287 .4 367.5
445 1/3 396.4 499 .5
600 1/3 534.5 673.5
745 1/6 703,2 789.1

Accuracy of Propagation Loss and Bottow/
Grazing Augle Determination

As mentioned previously, the dirvect-path and bottom-reflected path
propagation losses, together with the corresponding bottom grazing angle for
cach explosive detonation, were determined by uge of the NISSM Il computer
ray-tracing program, To reduce the requirved amount of computer storvage and
program processing time, polynomial expressions were fitted to the NISSM 11
output tabulations.’ Polynomials were genervated as a function of
horizoatal range between the signal source and the receiver for (1) the
nropagation loss of each path and (2) the grazing angle for the bottom
interacted path. To obtain two independent determinations of horizontal
range sepavation, two additional polynomial functions were generated.  The
first was a function of time sepa-ation between the direct and bottom
interacted arrvivals and the second was a function of time sepavation between
the direct and surface veflected arvivals.

Thus, for each detonation, two independent estimates of ranpge were
determined. These range estimates corvesponded to the time separation inter-
vals of the dirvect path and surface-reflected path arrivals and the dirvect
path and bottom-reflected path arivals, The arithmet {e mean ot the two range
estimates was then used in estimating the remaining parameters (such as
grazing angle) from the evaluation of the corresponding polynomial
expression. For 95 percent of the data, the diffevence between the mean
horizontal rvange and its two associated values was less than t5 percent,

The vemaining 5 percent of the data had no morve than t10 pervcent rvange
error, These differences result from differences between the actual and the
assumed detonation depth.
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For range diffevences of less than 15 percent, the maximum variation
in bottom graring angle was 0.6 deg and the maximum variation in propaga-
tion loas was 0.2 d¥. For raage differences of less than 210 percent,
the maximum vaviation in botrom grazing angle was 11,3 deg and the wmaximum ’
variation in propagation loss was 0,4 dB,

The above procedure was modified at ranges wheve the voper water-
vefracted arvivala could no longer he time iwolaced from the surface-related
arrival. When this occurred, rvange was computed cnly from the separation
between the direct and bottom pulses, This situation arvose only for hori-
zontal rvange sepavations greater than 28 km, corrvesponding to veflection
senerally, the upper refracted path

prazing angles of less than 9.9 deg.
appeared only at torizontal ranges greater than 24 km,

The source level for each SUS chavge detonation was computed by adding
the dirvect path arvvival broadband enevgy 1o the value of  energy lost
alonpg the divect path an predicted by HISSM 11, The pradiction trom NISSM L s
uged in conjunction with a broadband cnergy measurement; however, this does
not present a problem because nensitivity studies showed that there is
little treguency dependence in propagation predictions throughout the 90 to
790 Hz band over the range of 0 to 36 km for the source/receiver geometry
vaployed.  1f the SUS source level weve constant, the computed source level
would also be constant with range, providing that the propagation pradiction

For thia experiment, the average standarvd deviation of the s
It was

is correct,
computed source level was less than 10,8 dB tov all of the data,
necessary to correct the NUSSM 11 propagation prediction over a brietf vange
interval for stations BL-1 and =3, This ranp» generally occurred around the
reglon where the divect path srreived at the AUTOBODY at approximately OV, the '
2 km oand only )
¢

path's turnlng region,  This {nterval was penerally lesas than o
occurred at ranges pgreater than 22 km, The correct{on was made by altering
the HISSM 11 predic:fon over the problem range Intevval ant{l the computed

source level wan statisticalty equal to mean source leveld computed at the

other ranges,

BOTTOM LOSS RESULTS

A vomplete set of bottom losn versus grasing angle curves tor the data
obtatned at all three statlions {8 contalned {n appendix B, Certatn aspects
of the results have heen previously veported 89 For the purpose of complete-

ness they arve {neluded in the following discussfon.  To provide fasipht
the bottom lLoss cutrves, the time

R e

S - B O Y sty SNt e

into the nature and chavacteriatics of
werfes structure of the bottom {nteracvtion arvival {s dscunsed tirst,

NATURE OF THE BOTTOM ARRIVALS H
.
- : : : - : : : 14
Ihe complicated time sevies structure of a veceived explosive signal d
that has interacted once with the ocean bottom can be simplified through the I
use of deconvolution., The deconvolution process is used to determine the . ﬁ
ocean bottom impulse vesponse, theveby, eliminating interference effects of H
the explogive's bubble pulses, i
:

i
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The method of frequency domain deconvolution has been applied to the
analysis of bottom interacted signals when the acoustic source is an explo-
sive. 8110,12,13 simplified mathematical description of the deconvolu-
tion orocess employed at NUSC is represented by

h(t) = F L [Mﬂ G(£)

|X(FY|2 + A ’ (2)

where

h(t) = impulse response of the ocean bottom,

X(f) = Fourier transform of input signal (direct arrival),

Y(f) = Fourier transform of cutput signal (bottom arrival),

A = additive white noise constant, and

G(f) = Gaussian filter function

and where the operators F-! {  } and X* denote, respectively, the

inverse Fourier transform and the complex conjugate of the Fourier transform
of the input signal. As described in a recent report,8 a Gausaian filter
function was used in the process to improve the SNR and a small fraction of
white noise was added to the direct arrival spectrum (denominator) to
enhance the scability of the transfer function.8 Since the Fourier trans-
form of the impulse response represents the frequency function, the base ten
logarithm of the magnitude squared of the quantity within the brackets of
equation (2) is, in actuality, the ocean bottom loss as a function of fre-
quency, However, to obtain a value of the transfer function, this quotient
must be normalized by a factor equivalent to the difference in propagation
losses associated with the two signals (i.e, the direct and bottow arrivals).

The effect cf deconvolution can be seen in figure 6., The upper trace is
representative of a typical noise-filtered reception. The shock and bubble
pulses of the direct arrival are clearly defined. Because of bubble pulse
interference, it is possible to identify only the reflection from the ocean

" bottom interface boundary. However, in the deconvolved time series shown in

the lower trace, interference from bubble pulses has been eliminated by
transforming the acoustic waveform of the direct arrival of the explosive
source into a delta function. Thus, the direct path arrival appears as a
single spike. As such, additional receptions (representing the subbottom
regspense to & delta function impulse stimulus) can be seen in this decon-
volved trace.

An approach to identifying the mechanisms that produce the subbottom
arrivals is shown in figure 7. Tn this figure, the time series of bottom
interacted arrivals are displayed for eight consecutive values of the bottom
interface reflection angle. Consecutive receptions are "stacked'" along the
ordinate as a function of water-sediment interface grazing angle. The
uuprocessed data are shown on the left and the deconvolved data are shown on
the right., The deconvolved signals were low-pass filtered by a Gaussian
filter with 3-dB cutoff frequency at 250 Hz. Although the existence of
subbottom arrivals is evident in the unprocessed data, their presence is
digtorted by interference from the bubble pulses. With the elimination of
this interference via deconvolution and the formation of the time history
display, the trend in the relative time displacement of the subbottom
arrivals as a function of grazing angle becomes wore apparent.
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Subbottom Reflection

TENTRACT

The first subbottom arrival (see figure 7) was thought to be a reflec-
tion from a subbottom layer. If the layer thickness is assumed constant and
independent of range and the sound speed within the layer is also assumed
constant, then the layer thickness and sound speed of the layer can be computed.
Let "At" be the travel time difference obtained by subtracting the travel
time of the signal reflecting from the top of the layer (the water/sediment
interface) from the travel time of the signal reflecting from the bottom of
the layer. Let "0," be the grazing angle at the water/sediment inter-
face. When the Segiment layer is thin with the respect to the water layer,
it can be shown that

2 2
(At)2 - (%h) - (%h) cos 20 , (3
8 w

h = sediment layer thickness,

where

Cy = sound speed of water at the water/sediment interface,
Cg = sound speed of sediment layer, and
Og = grazing angle at water/sediment interface.

Letting

(A t)2,
&)
E— 3
%2
X = coszeg, and

m = = 6— ’
8

Equation 3 can then be expressed an the linear equation,

¢

y

o
]

y = mx + b, (4)

Figure 8 shows measured values of (At)Z versus cos? O, for 45
points at site BL-1 over a range of 16.9 to 47.6 deg grazing angle. A least
squares linear fit was computed and resulted in values of h = 20.6 m and C4
= 1580.4 m/s., A comparison of these results with those from the boomerang
cores and archival data will be discussed later in this report.
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Subbottom Refraction (see figure 7)

The second subbottom arrival behaved in a manner peculiar to a refrac-
ter -ather than reflected, signal, The refracted signal did not occur at
the cigher grazing angles, but emerged at 26 deg grazing and converged with
the {irnt subbottom reflected signal as the grazing angle decreased, This
behavior is characteristic of an acoustic signal traveling along a path
through a medium whose SSP increases with depth.

The LDGO wide angle seismic measurements made during the experiment
verified the existence of a sound-speed gradient in the sediment. Bryan and

Houtz> report that the velocity in the upper 250 m of sediment can be
expressed as

V(E) = Vg + Kt, (5)

where
Vo = 1.52 km/s,

K= 2 km/s2 , and

where t is the one way travel time of an acoustic signal propagating down-
ward at normal incidence from the ocean/sediment interface. Equation (5)

can be reexpressed so that sound speed is a function of depth rather than of
time:

1/2
V(z) = v (1 + 1‘25 2) : (6)

v
o

where z = depth.

When the term Z% is small, equation (6) may be expanded as a
v
o

Taylor series, with terms of order 2 and higher removed:

v(z) = V, + gz ()
where
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. For the values previously given, equation (7) is a reasonable approximation
] (2 percent error in sound apeed to a depth of 300 m).

Travel time differences between the refracted and ocean/sediment inter-
face reflected signals were measured for 29 points over a grazing angle

k range of 14 to 26 deg at station BL-1. These values were compared with

g predictions obtained using the Continuous Gradient Ray Tracing System II
(CONGRATS II) ray trace program, 4 The SSP was given by equation (5),
where Vo = 1.52 km/s and K = 2 km/sZ. Although modeled prediction

agreed reasonably well with the data, a better fit was obtained by account-

ing for the previously discussed constant velocity layer and modifying the
parameters V, and K. The modified values of K and V, are

K = 2.16 km/s?Z,

Vo = 1.6 km/s, and, therefore, :

g = 1.35 71,

Figure 9 shows the measured and predicted refraction/reflection travel time
differences as a function of reflection grazing angle.

- et gl

Frequency Dependence of Apparent )
Acoustic Sediment Layers

PR Y

The above description of a relatively simple sediment structure consist-
ing of a 20.6 m constant-velocity layer overlaying a sediment whose speed
increases linearly with depth was obtained from analysis of deconvolved
| sediment interacted signals that were low-pass filtered at 250 Hz. As the
F frequency passband is widened, the apparent acoustic sediment structure
A becomes more complex. This observation is illustrated in figure 10,

- Filtered deconvolved sediment interacted signals are shown for five reflec-
tion grazing angles, The signal from the first subbottom reflector, which

A is clearly seen when filtered at f. = 500 Hz, reduces to background noise

! at a cutoff frequency of 200 Hz. When the filtering frequency is 250 Hz,

; signals from two subbottom reflectors can be seen., However, as the grazing
angle decreases, signals from the first subbottom reflector become weaker

; and vanish into background noise, while those of the second reflector remain

4%

significant. This is the reflector agsociated with the 20.6 m constant-
speed layer previously described.
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QUALITY OF DATA

P

The quality of experimental measurements can be degraded by systematic
’ and random errors. Systematic error, generally characterized by biased .
. measurements, can be minimized through prudent experiment design and data
E
4
A

analysis. Random error, however, results from the presence of noise in the
data and is usually unavoidable.
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The experimental methodology requiring time-isolated bottom and direct
path arrivals eliminates, or greatly reduces, certain forms of systematic
and vandom errors inherent in the measurement of bottom loss. 1In particu-
lar, errors caused by mu%t}gath interference and improper source level esti-

’

mates are eliminated,8)! Errors attributed to improper estimation of
SUS detonation can also be significantly reduced.

One meagure of the magnitude of random error in the data measurement
1s the SNR, defined here as:

: Is
» WR = 10 log)g £ (8)

where

Ig = intensity of signal and
Iy = iutensity of noise.

Because the direct and bottom interacted signals can never be truly
separated from noise Interference, a modified SNR (SNRm) is defined as

f s+ N
- SNR_ = 10 log, » , (9)

where
; IgeN = intensity of signal plus noise

A nolse sample was recorded prior to the detonation of each SUS charpe.
From these samples, intensity levels were computed {in all the processing
frequency bands. Thus, for all hottom loss measurements, a signal-plus-
noise to noise ratio could be computed in all frequency bands for the direct
and bottom interacted arrival. The SNR, for the bottom interacted arrival
was always less than that for the direct path arrival. For the processing
bands centered at 177, 252, 325, 445, 600, and 745 Hz, the bottom—interacted
arrival SNR, was, on the average, 1l dB or greater, The SNR;, was
approximately 9 dB in the brnadband. For the narrowband centered at 100 Hz,
the average SNRy was less than 4 dB. This lower value results because (1)
the source signal spectrum level decreases rapidly for frequencies less than
the bubble pulse frequency of 151 Hz (see figure 5), (2) the noise spectrum
increases with decreasing frequency, and (3) there is a large variance in
the low frequency noise resulting from the short time duration (approxi-
mately 45 ms) of the arrivals., With the exception of the 100 Hz data, the
relatively good SNRs are demonstrated by the "closeness of fit' of the
individual data points to the three points moving average curve shown in the
bottom loss data in appendix B.
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GEOMETRY DEPENDENCE OF BOTTOM LOSS

The effect of source/receiver geometry on bottom loss measurements can be
observed in the data acquired at station BL-1., A receiver (AUTOBUOY No. 1)
at 3658 m and a second receiver (AUTOBUOY No. 2) at 3200 m recc:rded the
acoustic signals from the explosive charges detonated at 914 w. Simultaneous
water/sediment grazing angle coverage exists over the range of 8 to 34 deg.
In figure 11, bottom loss computed from the 3200 m receiver (solid line) and
the 3658 m receiver (dashed line) are compared for two frequericy bands. In
both bands, the correlation between receivers 1s excellent. In both
bands, between the 8 to 30 deg range the two curves are identical to a high
degree of statistical confidence, This agreement is significant because for
each data point, at a given grazing angle, th: bottom loss from the lower
buoy was acquired using a different SUS charge from that used to acquire the
bottom loss from the upper buoy. Furthermore, the area of sediment inter-
action resulting in the bottom loss data point at a given grazing angle is
different for each buoy. Thus, the bottom/subbottom structure seems to be
independent of range for at least short distances (4.6 km or less). Also,
the travel time differences between the subbottom and bottom arrivals are
nearly the same for both buoys. An analysis of ray angles, using the
model profile given {n figure 9, confirmed that the bottom/subbottom
arrival structure was nearly {dentical between the two buoys for a given
reflection grazing angle. Thus, a geometrically dependent bottom loss,
to the extent previously ruported8 (where the separation between receivers
was a greater percentage of water depth), did not occur.

FREQUENCY VARIATIONS OF BOTTOM LOSS

An example of typical frequency variations of bottom loss versus grazing
angle is shown in figure 12, The dashed line represents the 3 point moving
average at a center frequency of 177 Hz and the solid line represents the 3
point moving average at a center frequency of 745 Hz, For all three stations
the bottom loss generally decreased with increasing frequency for grazing
angles of 25 deg or greater, and tended to increase with increasing frequency
for grazing angles of 25 deg or less.

The oscillations in bottom loss versus grazing angle secn in figures 11
and 12, and throughout the narrowband bottom loss curves in appendix B, are a
result of spatially complex interference patterns created by the interaction
of acoustic energy with the ocean bottom. The broadband processed data
(90-790 Hz) tends to average-out the narrower frequency band effects; there-
fore, the oscillating patterns are greatly reduced.

NEGATIVE BOTTOM LOSS

The 3 point noving average curve centered at 177 in figure 12 shows the
occurrence of negative bottom loss over the grazing range of 8 to 20 deg.
Negative bottom loss was observed in about 75 percent of the 3 point moving
average curves computed. As can be seen in appendix B, with the exception of
data centered at 100 Hz, the level of negative bottom loss rarely exceeds
-2 dB, occurs only intermittently, and generally is not observed for grazing
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angles of 20 deg or greater, The observance of negative bottom loss has been
reported recently in other ocean bottom accustical investigations and has
been attributed to the use ot the Rayleigh reflection model in the reduction
of the data.8+9 This model does not account for both refracted and non-
plane wave reflected path signals that have been shown to exist in the
data.8+9417 This interaction was previously described and is illustrated

in figures 7 and 10. For the data reported here, negative bottom loss is
apparent in the narrow bands, but is insignificant in the broadband where
the effect has been averaged out because of the frequency diversity of the
wider band,

GEOGRAPHICAL VARIATIONS OF BOTTOM LOSS

A comparison of the broadband bottomloss versus grazing angle data
obtained at all three geographical locations is presented in figure 13, At
station BL-1, the data are rvepresentative of the combined results of the two
AUTOBUOY receiving systems. The bottom-luss values at the three locations
are in excellent agreement over the entire measurement range. Because of
this close agreement, the broadband data from all three locations, repre-
senting 394 data points, were smoothed and fitted, These data are shown in
figure l4, where the solid line represents a 6th order least square
polynomial fit to the 394 data points., The dots represent the data averaged
in 5-deg bins centered at 2.5 + 5n deg, n = 1,2,,..12, The averaging was
computed in linear space. Upper and lower bounds of one standard deviation
have been applied to the averaged data. The largest value of the standavd
deviation was 1,1 dB. Thus, the broadband bottom loss is characterized by a
loss of 5 dB at 62.5 deg, gradually rising to a maximum of about 7 dB ut
37.5 deg, and then smoothly decreasing to a minimum of approximately 1.3 dB
around 7.5 deg.

Therve was less agreement in the narvowband bottom-loss data between the
three locations, This is attributed to slight changes in subbottom struc-
ture affecting the complex frequency relationships in the interaction of
bottom and subbottom arrivals, The comparison of bottom loss at 177 and 745
Hz for all three locations is shown in figure 15, Variations of up to 10 dB
can be observed.

PRELIMINARY MODELING AND INTERPRETATION

Two sepurate methodologies can be applied to the problem of modeling the
bottom-loss measurements for the Hatteras Abyssal Plain., Since both empiri-
cal and geophysical models have advantages and disadvantages, this dual
approach 1s necessary.

EMPIRICAL MODELING VIA POLYNOMIALS

The goal of empirical modeling is to approximate the data by a numerical
function. This method can usually be implemented in a straight torward
manner., However, it offers no explanation of the mechanisms that cause the
bottom loss, Thus, the model cannot be extrapolated beyond the range of the
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data. The bottom loss data in this report have been fitted to 6th order
polynomials. Tabulations and illustrations of the resultant polynomial
exp-essions are contained in appendix C. The polynomials allow the modeler

to compute bottom loss in decibels as a function of grazing angle for each
frequency band of each buoy at each station, for the combined buoys at
station BL-1, and for the combined data of the three stations (BL-1, -2, and -3).

INPUT PARAMETERS FOR A
GEOPHYSICAL MODEL

P

A geophysical model attempts to simulate mechanisms causing bottom
loss, The model requires a theory adequate to explain the interaction of
acoustic pressure in the bottom and subbottom. These types of models require
input parameters such as the sediment thickness, density, attenuation, sound
apeed, and scund-speed gradient of each effective subbottom layer.

- REng T
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Some of the parameters that could be used to model the bottom loss at
) station BL-1 have been derived., A brief discussion of these parameters and
o variations in their measurement follows.

- b The central region of the Hatteras Abyssal Plain is characterized by
- 4 silts interstratified with clay.!8 The total sediment overlaying the
basement is approximately 2.1 km, which is considerably thicker than the

@ : average l-km sediment thickness in the North Atlantic.

3 Earlier in this report (see figure 9) a partial geophysical description

i; of the subbottom was given, describing it as consisting of a layer of con- %
L stant velocity sediment overlaying a layer where sound speed increased b
i ¢ linearly with depth., The speed of sound computed for the first layer was i
: 1580 m/s., For the same area, Horn, et al., report18 an average sound v
; speed computed from a mean grain size of 1572 m/s (corrected for depth and *
3 temperature) in the upper 3.5 m of sediment. The two values of sound speed )
2 averaged from the boomerang cores to the north of station BL-1 were higher %
8 (1617 and 1609 m/s). The average sediment densities measured from the cores ]
. were 1.13 amd 1.30 gm/cm3. Horn et al. predicted!d a density of 1.77 5

13
Tg gm/cm3. The second sedima2nt layer was characterized by the linear-with-
depth SSP:

RN e

V(z) = V5 + gz (10)

T
.

where
Vo = 1600 m/s,

g = 1.35 s~1, and
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where z is the depth in meters refeienced to the boundary with the first
sediment layer. This description is valid to a depth of approximately l45 m

below the water/sediment interface, as this was the turning depth of the
deepest refracted ray measured.

The linear-with-depth gradient can be compared with averaged seismic
measurements. As previously discussed, the seismic measurements describe
the velocity in the sediment as linear with reflection time, T, referenced
to the water sediment interface. The expression for all seismic tracks was
given in equation (5). Following the approximations discussed in equatigua
(5) and (6) a K of 2 km/s% can be approximated by a g of 1.32s~!, Houtz20
has indicated that a4 value of Vo = 1,52 km/3 may be unrealistically low for
Abyssal Plain turbidities and, hence, alternate values of V, = 1.55 km/s and
k = 1.75 km/g? should be used. This would lead to an approximate linear
(with depth) gradient of 1.11 s~l, Boomerang core data and deconvolved
records tend to support the alternate value of V,. Seismic measurements are
made using methods yielding good results at depths deep in the sediments,
but are less accurate at and near the ocean/bottom interface. The best
resolution available in the MAINLOBE seiamic measurements 1s approximately
200 m. The parameters derived from the deconvolved signals have much finer

resolution (roughly 5 m), but are only valid to about 145 m below the ocean/
sediment interface.

SUMMARY AND CONCLUSIONS

Pre.ect MAINLOBE ocean-bottom-loss experiments conducted by NUSC and
LDGO in the Hatteras Abyssal Plain of the Atlantic Ocean have been reported
and the results have been presented in their entirety. Five significant ob-
servations arising rrom the analysis of these results are that:

e Bottom loss measutements were acquired using a self-calibration technique
in which direct and bottom arrivals were time {solated from all other
arrivals, thereby precluding multipath interference. As a result, the

data exhibited excellent agreement over adjacent but independent
measurements.,

Time coincident interaction of the ocean-bottom reflection and refrac-
tions, which are not ascribed by the Rayleigh model in the reduction of
the acoustic data, resulted in negative values of bottom loss over a
limited range of frequencies and grazing angles,

e A vertical change of 353 m in receiver depth had little measurable
effect on the bottom loss results for the geometry and environmental
conditions encountered during these experiments,

e Broadband (90-790 Hz) bottom loss from the three stat? ns, spaced

over an Interval of 1 deg of latitude, showed considerable similarity,
A smoothed curve of the combined stations broadband bottom loss had
a standard deviation of the order of 1 dB.

® Narrowband (1/3 octave or less) bottom loss showed less similarity
between stations. This effect is the result of small changes in seddi-
ment layer structure between stations,
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In addition, bottom-interacted arrivals at station BL-1 were d.con-
volved to obtain the sediment impulse response, resulting in the isolation
and identification of reflected and refracted arrivals. A geophysical
description of the subbottom was cLstracted from studies of subbottom/
bottom arrival time differences as a function of grazing angle. For
frequencies less than 250 Hz, this description consisted of a 21 m
constant sound speed layer overlaying a layer where sound speed increases
linearly with depth. The derived sound speed gradient (1.35 s~1) of
this layer was similar to the equivalent gradient (1.11 s-1) ‘obtained
by concurrent independent seismic studies.

The above geophysical description can be used as an input to a bottom
loss model. The output of such a model can then be validated by comparison
with the bLottom loss results reported for station BL-l. Because of the
significant contribution of the subbottom reflections and refractions, it
is recommended that the bottom loss model use the geophysical description of
a layered bottom with sound speed gradients.




TR 5781
70°
.
i :-2874
) .
v i -
4 1\ 2871 :
v 83 -
b 2864 FATHOMS ! 3
i 2856 o 5
sz P - 30°
] 2876F
: 3
; 2850 E ;é»
3
: 10 N E_
BLt J 1\ 2880
i1 71 T | 2go
W

@ AUTOBUOY DEPLOYMENT LOCATION

—meemenee  SHIP TRACK DURING BOTTOM LOSS
MEASUREMENT

= = =  SEISMIC PROFILING TRACK
e BOOMERANG CORE LOCATIONS

Figure 1. Operations Area for Hatterus Abyssal Plain Low
Frequency Bottom Loss Measurements

e T e e R
oo Sl RE




S

e T RO G ST e R T T e e
e e At G i T S et eI SHEES

TR 5781

5440 m

914 m

EXPLOSIVE

L

AUTOBUOY
RECEIVER

ry for Bottom
BL-3)

of Geomet

(Station

Measurements

Figure 2. Typical Representation




P T v

AP AT e il 0 S Al L ol

~
> o
3
3 x 3
X B 3
m SIUBWIINSBI SSOT WOI30g I0F WA3SAS FUTSSIV0Id B3IBC 3O Wexfzi ¥367g °C 2Infrd w
4 :
w E
- Tv1i9id — < NIV
e (H140MH31iNg) 0L BOTYNY ZH 062 MO 30NA0Hd3Y
o < 43 LNdNOD AL 3d¥1 DOTYNY :
” ° SH31714 0£2L DVAINN |e—q SSYa'MO NIVO ]  Aongounv i
< - aIN :
: IVOIHINNN
“*—1 3MSuND3Y »
- w
aNv8avous 3
ZH 000§ d31dILINA 24 0601 ]
AON3INO3H4 |
SCNVYWNOD a3Ixud071-38YHd H3dHVYD
ONITdWYS 3000 3Inii E
SCLCEISE ]
:
:
(H31Nai0D 80LL DVYAINNY :
<— DNISS3IO0Hd 171910 =ste— NOILYZILIDI] — ]

*
G
3

o
RSP




CRpERCCp  -

050

3

(s)awiL

00 0co

(,0°ST = & ‘z "oxX tongolny ‘1-T14 uoIieis) - sijusuodue,
U] FUIISITI{ I9IJV puB 31039g uoT3daday [ed1dAl ® Ioj STBAIIIY JO aduanbag

oL 0

PR TR )

TR 5781

IVAIHYY WOL10%

TVAIHYY 031031434 30V4HNS

At AL *25,&%{%;%;

ONIH31T1d H314V

T TN VW Lad VN

ONIY31114 340438

(Q3.L0vy43y
HILVM H3ddn

T Y

IVAIHYY 1D3HIa

IVAIHYY

T AremaiA Y

*y 21n314

(SLT10A 3AILVI3Y) 3UNSS3IHd




i \\\\\\\\\\ :

(| AALVYTIH) 13ATT ANHLDAGS




o e M CE R TG el Aart RIS YPS MMIIIRILTTS * AT I Sk PE-D & WK E =
= —— —— ———— .- ERY - < R = A ol o~ L
v . . - Pl

uorjnyoAuodag ZUIS) paurelg) juswmodueyul T(euUSIS jJo ardwexy 9 2indry

]
3
1S) INIL
s v £ 4 L :
T T 1 T T T 1 T T
;
4L
B 7 :
3SINdWI
Q310vH43Y H3ddr
— 3SINdWt 331037438 IDv4HNS 104
STVAIHHY G3AT0ANOD3A
0
H 4
m
ol
SNOi1d3D3Y b
— W0O1108-8NS 3SINdWI o1 =
NOILd333H TVAIHEY 1031 m
IovAHIINI IvAIEEY Q31031434 I0V4HNS WAIHEY 193HI] £ :
| IvAlEY WOLL08 ~oi- 5
C
o
™ 1
) k
SIVvAIHEY AISSID0OHINN m
— IVAIHHY -0t _
@310vH434 H3ddN ;
= ! L | - | | i i { |
P~
(V2] m !
o o€t = 7¢ A0N8 "3ddN t-18 3LIS :
~r
) ~

. . - et R T L

B L N UL L B P S A DO S Rt X




(1-19 uotlels) 313Uy po3da[Fay 9reFIajul 03 13Idadssg uIIM

o 373uy 3urzEIH JO UOTIDUNJ ® SB STBATIIY W0310§ JO SABTdSTIQ 9WIL SATINDASUO) */ 2Ind14
™~
n
o
& (sw) INLL
001 os 0 00t 0S 0
q ‘1 d‘ — ;
E
t , PN “
‘ ’ r44
. 2 ;
>
bsd'\‘\l“&.il N
Zz E
O E
f. t | a 2
W 5 ]
: — .
m 1
: 3 3
. ‘ £t =
: NOILOVH43Y |
x WOL108-8NS
: ‘ NOILDI 143y $357INd 3188N49 l‘l’
m,, WO1108-8nS [ ] M
1 ; 2 P
m i
NO!LOIT143d 3DOVIHILNI SIAVM MDO0HS

NGCILNTOANOD3A HAL4VY NOLLNTOANOD3a 340439

o b Lt i e Y RN SR e e Ui A Y T S e e e




318uy 3uTlIed) wWO3I30G UBIDQ IYl IO paienbg 3UTSC) 34yl JO UOIISUN] ®B SY

SUOTID3[§9yY WO330g UB3D( PUB @OII04QNS UIDMISYE IDUSISIIT] 2L [3.BI] psienbg

Widml ;507

u
— P
o

-

N

O

—N

A D bl LA

T -

o T

e

H o

foa A

TR 5781

L-13 3LIS - NOLLVAILST SSINUDIHIL HIA YT

‘e 5Inf14

[

a0¢

BieT4

0ot

0513

O NEAIHVYNOS W

O}

eI A3
e

v

26




TR 5781

STEAILIY Pa3deil=}j wW0O33l0qQns puy
P3123139Y WO3130§ Ue3D) UIIMIDG SIDUIIIFFTJ SWI] [3ABIL Pa1DTpald pue painsea °6 2In31g

(63p) 3TONV NOLLOT 143U 3OVH3LINI IN3WIG3ISNV300

0c ol

SIN3IWIA3S
_s6e1 =0

AR T AR B A

le

Lk il g

l

d3101d34d
a3dnsSvin e

|

(sw) JNIL




s R T T N T R T T

m (dong 1addn “1-1Tg 231S) zH 00Z Pue ‘0SZ ‘00§ 1
4 :sotduanbaig 291Yy], 3B PaidI[IJ SSBJ MOT STRUSIS PaldBIalU] JUAWIPSS PSATOAUOID] QT dandid :
P :
“. i (Sw) IwiL M
m 03 09 O 02 O 08 09 Or O O 08 09 ov 02 O
: L] T T T T T T T —T T T T 4
4 3
’ 3
i H
i
: Zy
¥ H
| 1
M

£ o

pel

>

N

Z

Q)

>

w =2

(0]

~

m

a

2]

<]
Sy
3
:
o
» ~ NOILO3 143y zotOm,m:w»
NO!1D31434 WOL108-9nS : 4 .
3 - ZO_._—.Owl_uwﬁ nOol1108-9n NOILD3143H WO1108-9NS ZO._PONJ.‘.._WI noiio8s-8ns
= JOVAHILINI INIWIGISINVIDO | 3DVIHILNI INSWIGIS/NYIO0 | 30V4HILNI AINIWIGIS/NVIOO0 :
wn i

x)
o zH 002 = 9 ZH 052 = 9 2H 005 = ©) 3




R T ST TR TR Y

T TR ATy T n -~y
hd T TS T rior 5 s o s gvne .

~M"‘-;'&r€-¢-r!’ww_t—,&—mﬂm e P - g

TR 5781
w——— 3200 m RECEIVER - ~~3858 m RECEIVER
' 20 T ~T T T -1
te = 177 Hz
154 (A Octave)
a
2
§ -
ot
=
3
(]
@
-5k -
«10 | 1 i L H
0 18 30 45 60 75 90
20 T T T N T
fe =745 Rz
15 (% Octave)
? ~ 10} =
2 m
' p)
S
: -
; O
E o
-5 r— -
3 -10 ] 1 1 \ I ng
L 0 1% 30 45 60 75

GRAZING ANGLE (deg)

Figure 11, Comparison of Bottom Loss Versus Grazing Angle as & Function
of Receiver Depth (Station BL-1)
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Appendix A

SOUND SPEED VERSUS DEPTH PROFILES

. Results of the deep velocimeter casts are presented in figures A-1

; through A-5. Separate profiles were obtained as the velocimeter was lowered
). (down cast) and raised (up cast). Note that the velocimeter.casts never

3 reached bottom depths. The sound speed profile (SSP) was linearly extra-
polated to the ocean bottom to obtain the full water column profile. Table
A-1 lists the relevant parameter for each profile.

Table A-I. Sound Speed Profile Parameters

Figure No. Station No. Cast Actual Depth (m)
A-1 BL~1 Down 5600
A-2 BL-1 Up 5600
A-3 BL-2 Down 5600
A-4 BL~3 Down 5439
A-5 BL-3 Up 5439
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Appendix B

Y BT O, e b MPTETP Y PRI

Z

PLOTS OF BOTTOM LOSS VERSUS GRAZING ANGLE
(ALL STATIONS AND FREQUENCIES)

Table B-1 provides the key to the conditions during the bottom loss
versus grazing angle depicted by the figures in this appendix.

Table B-1., Bottom Loss Versus Grazing Angle Data For All Stations and Frequencies

Figure Nos. Station No. Geometry Receiver Depth Notes
Source Depth (m) (m)
B-1 through B-8 BL-1 914 3200 -
B-9 through B-16 BL-1 914 3658 -
B~17 through B~24 BL-1 914 3658 Expanded Scales
B-25 through B-32 BL-1 914 3658 + 3200 Combined Receivers
B-33 through B=40 BL-2 914 3353 -
B-41 through B-48 BL-3 914 3353 -
B-49 through B-56 BL-3 914 3353 Expanded Scales

B-57 through B-64 BL-1, 2, +3 914 3200, 32353, +1658 Combined Stations
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Appendix C

SIXTH-ORDER POLYNOMIAL REPPRESENTATIONS
OF BOTTOM LOSS DATA

SR ST T e i

!
g‘.
;

The sixth—order polynomial curves, which are shown in figures C-1
through C-32, were fitted to the correspondiing three-point moving average
curves of the bottomloss data preseated in appendix B, At station BL-1 the
data from the combined AUTOBUOY receivers have been used in forming the
polynomials given in table C-1. The polynomial expression for the
determination of bottom-loss as a function of grazing angle © is given by

F NIRRT,

e

BLg)™ Xo + X180 + X0 2+ ... +x08, (c-1)

4 where

BL = bottom loss (dB),
@ = bottom grazing angle (deg), and
] X1 = constants of polynomial expansion (i = 0, 1, 2,...6).
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